Study Objectives: The importance of sleep for health necessitates investigation of disparities in multiple aspects of sleep. Given the potential disruption to sleep posed by the well-documented discrimination experienced by sexual minorities, disparities related to sexual minority status warrant such attention. This study sought to (1) measure differences in same-and different-sex couples in sleep duration and perceived restedness, (2) examine how the link between sleep duration and restedness varied among same-and different-sex couples, and (3) assess variation in restedness across state-level sexual minority indicators.
Introduction
Insufficient sleep has been declared a public health problem by the Center for Disease Control [1] . This declaration reflects the associations of sleep health with depression, obesity, cardiovascular health problems, and all-cause mortality as well as the annual economic cost of poor sleep health, which is estimated at 411 billion dollars a year [2] . Because such health conditions tend to be over-represented in disadvantaged segments of the population, disparities in sleep health could reflect and drive broad patterns of health inequality in the United States, emphasizing the importance of identifying groups at heightened vulnerability that need special attention. Indeed, many historically disenfranchised and stigmatized groups in the United States do report worse sleep health compared with more privileged groups [3, 4] , and the degree to which this pattern extends to a group of Americans receiving increasing public health attention-sexual minorities (e.g. individuals with nonheterosexual identities, who report same-sex sexual or romantic partners, or who report same sex attraction)-needs to be examined. A growing literature suggests that sexual minorities, including those living in same-sex couples, are at increased risk for poorer health outcomes across the lifecourse [5] [6] [7] [8] [9] , and theory (e.g. minority stress) and past studies on related topics (e.g. poor health) suggest that sexual minorities are likely to be vulnerable for many of the negative health outcomes associated with problematic sleep duration and sleep quality [10] [11] [12] [13] [14] . This study, therefore, seeks to document various disparities in sleep duration and restedness related to living in same-sex couples within a sample that is nationally representative [15] .
Sleep health is a multifacetted construct [16] , and different assessments of sleep (e.g. duration and feelings of restedness) are differentially associated with health outcomes. Both undersleeping (e.g. sleeping less than 7 hr a night) and over-sleeping (e.g. more than nine hours a night), as measured by sleep-diary data (such as the time-diary data in the ATUS), are associated with worse health outcomes [17] . Importantly, subjective assessments of sleep (i.e. perceived quality of sleep such as feelings of restedness), although only moderately linked with both selfrated sleep duration and other more objective measures of sleep quality (e.g. polysomnographic testing and actigraph testing) [12, 18] , may be more strongly linked with health outcomes than sleep duration [19, 20] . Finally, individuals who report both not sleeping enough and low sleep quality, including low levels of restedness, have the worst health outcomes [19, 21, 22] .
Given this link between sleep problems and poorer health, the question of why some people-and some groups of peoplesleep less or less well than others is important. Many factors can disrupt sleep, but stress plays a key role [23] [24] [25] . Previous work has linked higher levels of stress to poorer perceptions of sleep quality [24, 26] , suggesting that population groups experiencing more stress may be the most likely to negatively rate the quality of their sleep. Indeed, racial/ethnic minorities and other groups that experience the stress of discrimination tend to have poorer sleep health outcomes [27, 28] , and recent work suggests that experiences of victimization partially mediate the association between sexual minority status and sleep quality among Chinese adolescents [9] . This pattern is in line with the basic tenets of minority stress theory and related perspectives on stigma, which argue that the strain associated with discrimination, anticipated discrimination, or internalized stigma increase vulnerability to negative health outcomes among sexual minority populations [29, 30] . Furthermore, in line with minority stress theory, risks to victims' health and wellbeing will vary according to fluctuations in the prevalence and intensity of negative attitudes, resulting in differential treatment across local contexts [30] [31] [32] .
The increasingly visible number of sexual minorities in the United States also experience substantial discrimination and related stress, but their sleep patterns vis-à-vis the general population are unclear and need to be studied. Of the studies that have explored sleep among sexual minority adults, three showed disparities in terms of sleep duration or quality [6] [7] [8] , whereas two showed no differences after controlling for demographic characteristics [5, 33] . Past research has also shown that community-level indicators of sexual minority acceptance (e.g. attitudes toward sexual minorities and laws protecting sexual minority rights) are suggestive of protective contexts for sexual minority health, and that these indicators vary considerably by region [34] . Most importantly, variation in these indicators is linked with variation in health outcomes among sexual minorities [32, 35] . These indicators have not, however, been previously explored as moderators for sleep outcomes.
With this theoretical and empirical grounding, this study integrated time-diary assessments of sleep duration and selfreported restedness in a nationally representative sample of adults with data on state-level assessments of support for sexual minorities to test three hypotheses. The first hypothesis was that compared with individuals with different-sex partners, individuals with same-sex partners would report lower levels of restedness and more problematic sleep duration (e.g. sleeping more than 9 hr or less than 7 hr), especially the latter. The second was that living in a same-sex couple would moderate the association between sleep duration and restedness such that lower amounts of sleep would lead to less restedness for individuals in same-sex couples when compared with individuals in different-sex couples. The third hypothesis was that living in a same-sex couple be more strongly associated with lower levels of restedness in geographic areas less supportive of sexual minority issues. Notably, given evidence that women report more sleep problems than men [36] , that subjective and objective assessments of sleep are more similar among men than among women [37] , and that sexual minority women have more sleep problems than sexual minority men [6] [7] [8] , these three hypotheses will be tested separately for men and women. In general, there was an expectation that the hypothesized patterns would be stronger and more consistent for women than men.
Methods
ATUS is a time-diary survey conducted by the U.S. Census Bureau and has been used to previously explore national trends in sleep health [38] . Respondents were randomly chosen from within households that were selected for participation in the Current Population Survey (CPS) [15] . Through semistructured and conversational-style phone interviews, respondents completed a time diary with detailed information on their activities over a 24 hr period. Sociodemographic information for themselves and other household members comes from both the CPS and ATUS. The analytical data for this study were drawn from 2010, 2012, and 2013, which were the years where participants also completed the Well-Being Module that contained additional questions on their health and wellbeing, including restedness.
Measures

Sleep duration
Starting at 4:00 am and running for 24 hr, time diary participants reported when they began sleeping, what time they woke up, and whether they had any sleep interruptions. They also provided information on what time their last activity of the previous day commenced, even if that end time was outside the 24 hr time diary period. The time spent sleeping, starting the second night of the study, to the time they woke up in the morning, was used to assess sleep duration. Individuals (n = 557) were excluded from the current study if they reported less than 4 hr of sleep during that night for two primary reasons. First, a large portion of these respondents did not report going to bed before 3:59 am and so were recorded as having 0 hr sleep (a likely mismatch between the reporting period and actual typical sleep experience). Second, for respondents who reported going to sleep in the evening but for only a brief period (e.g. a disrupted sleep pattern of a shift worker), their night sleep is not indicative of their regular sleep experience throughout the day. Relying on the second night of sleep could be a limitation because respondents are asking about the restedness from the previous night's sleep while assessing the duration of the subsequent night's sleep. This approach offers the advantage of providing a more accurate understanding of hours of sleep in a single night, compared with combining parts of the previous and subsequent night's sleep. Moreover, this measure was correlated with another measure of sleep that captured all sleep periods throughout the 24 hr period (i.e. 4:00 am to 3:59 am), indicating that sleep captured on the second night likely looks similar in a majority of cases to sleep experienced during a 24 hr period. Since both insufficient and too much sleep have been linked with poorer health outcomes [17] , sleep duration had three categories for comparison: (1) under sleep (less than 7 hr); (2) normal (7 to 8 hr and 59 min of sleep); and (3) oversleep (9 hr of sleep or more).
Restedness
Participants reported how rested they felt on their diary day on a scale ranging from 1 (not at all) to 4 (very). This measure is similar to previous scales used to assess restdedness [19] .
Sex of partner
Respondents reported (1) their own sex (options: male or female), and the sex of and their relationship to each household member. From this information, respondents were dummy coded as being women with other-sex partners (n = 8644), women with samesex partners (n = 66), men with other-sex partners (n = 8058), or men with same-sex partners (n = 53). This method is frequently used in studies of sexual minority status health with government data [32, 39] , and the percentage of individuals in same-sex couples are in line with previous work using similar data [40] .
State-level indicators of sexual minority acceptance Two measures of state-level acceptance of same-sex marriage were assigned to respondents' based on their states of residence. State-level support of same-sex marriage was measured using aggregate survey data obtained from the Williams Institute that indicated the proportion of adults in each state in 2014 who supported marriage equality (continuous scale) [41] . This method has been used in previous research to assess the link between state-support of same-sex marriage and health outcomes [31] .
State-level same-sex marriage laws were a binary measure indicating whether adults could legally marry someone of the same sex in their home state residence during their interview year [42] .
Covariates
Several variables were measured to account for key confounds as well as demographic diversity in the sample, including employment status (full time, part time, unemployed, and not working), educational attainment (college degree or more vs. no college degree), race/ethnicity (non-Hispanic white, nonHispanic black, Hispanic white, and other race/ethnicity), age (continuous in years), whether respondent had children living in the home (1 = children present), family income (ordinal scale from 1 = less than $5000 through 16 = $150 000 and more), geographic region (Northeast, Midwest, South, and West), residence in a metropolitan area (1 = metropolitan area), and time-diary information (whether the diary was recorded on a weekend, and which year [2010, 2012, or 2013] ). Table 1 presents a description of these covariates by sexual minority status. Overall, respondents in same-sex partnerships were more socioeconomically and demographically advantaged (e.g. income and education) than those in other-sex partnerships.
Analytic plan
The three steps in the analyses were to examine as follows: (1) whether sex of partner predicted sleep duration and restedness; (2) whether the negative associations between not enough and too much sleep and restedness was stronger among those with same-sex partners compared with those with other-sex partners (with sexual minority status x sleep duration interactions); and (3) whether state-level indicators of sexual minority acceptance moderated the association between sex of partner and sleep duration (with context variables x sexual minority status interactions). Multinomial logistic regressions were used for the first step, and ordinal logistic regressions were employed for the second two steps. Stata's vce(cluster) option estimated all models to obtain robust variance estimates adjusting for within-state correlations [43] . This approach allowed for individual-level residual errors to be correlated within-state (but not among individuals across states), accounting for state-level differences, such as social welfare regimes or political leaning, that might be correlated with both restedness and our measures of same-sex context (i.e. same-sex marriage support and legislation). All analyses were conducted separately for women and men, with list-wise deletion for the small amount of item-level missing data on income and metropolitan residence (n = 419; no respondents with a same-sex respondent were dropped by listwise deletion), in line with other ATUS studies [44, 45] . The final survey weight [TUFNWGTP] accounted for the survey design and to generate population-level estimates.
Results
Bivariate statistics (Table 1) show that women in same-sex partnerships were the least likely to report sleeping less than 7 hr (14%), followed by women in different-sex couples (20%), and men in either same-or different-sex couples (23%). Women in same-sex couples were more likely to report oversleeping (43% slept 9 hr or more), followed by women in different-sex couples (31%), with again, men in, regardless of the sex of their partner, least likely to report oversleeping (27%). Yet, men with differentsex partners reported feeling the most rested (3.2 on a scale of 1 to 4), followed by women with different-sex partners (3.1), and men with same-sex partners (3.0). Women with same-sex partners reported the lowest levels of restedness (2.9).
Same-and different-sex couples, sleep duration, and restedness
Beginning with the first hypothesis examining disparities between individuals with same-and different-sex partners in two key indicators of sleep, Table 2 presents results for sleep duration from a multinomial logistic regression. Among both women and men, sex of partner did not significantly predict the likelihood of reporting under sleep or oversleep versus average sleep. Table 3 presents results for women's feelings of restfulness from the ordinal logistic regressions. There were two key findings. First, reports of under-sleeping (i.e. less than 7 hr at night) were associated with lower levels of restfulness than reports of sleeping 7-9 hr at night (B = −0.49, p < .001, 95% confidence interval [CI] = −0.62, −0.36). Second, women with same-sex partners reported feeling significantly less rested than women with different-sex partners (B = −0.56, p < .05, CI = −1.02, −0.10; Model 1). Sex of partner did not significantly predict either sleep outcome among men (results in Table 4 ). The second hypothesis explored whether there were differences between women with same-and different-sex partners in the link between sleep duration and restedness, finding that under-sleeping (compared with average sleep) for women with same-sex partners was associated with lower restedness compared with women with different-sex partners (as evidenced by the significant interaction term, presented in Model 2, Table 3 ). For example, an estimated 31 per cent of women with samesex partners who slept less than 7 hr reported feeling very or somewhat rested compared with 73 per cent of women with other-sex partners with the same reported sleep duration (predicted estimates based off coefficients from Model 2 in Table 3 and presented in Figure 1 ). Sexual minority status did not significantly interact with sleep duration to predict restedness among men (results presented in Table 4 ).
Sexual minority status and restedness across state contexts
To test the third hypothesis concerning the role of sexual minority-related contextual factors in shaping the association between sex of partner and restedness, interactions between Table 3 ). Figure 2 plots the predicted feelings of restedness among women at different levels of state-level support for same-sex marriage, using the coefficients from Model 3 in Table 2 . In states with low levels of support for same-sex marriage, women in same-sex couples were twice as likely to report feeling a little or not at all rested (44%) compared with women in different-sex couples (21%). Women in same-sex couples residing in states that were high on support for same-sex marriage, however, reported similar levels of restfulness when they were compared with women in different-sex couples (23% vs. 20% feeling a little or not at all rested, respectively). The interaction between sex of partner and living in a state with legal same-sex marriage was not significant (Model 4, Table 3 ). No sexual minority status by state-level context interactions was significant among men (Table 4) .
Discussion
Examining disparities in sleep duration and restedness among individuals in same-and different-sex couples and exploring how sexual minority-specific contextual variables moderate these associations provide important initial insight into how this day-in-day-out process may render some sexual minority individuals more vulnerable to negative health outcomes. In line with the first hypothesis, poorer restedness was reported by women with same-sex partners when compared with women with different-sex partners, although no differences were observed for sleep duration. No significant differences by sex of partner were observed among men. These findings are largely in line with the literature suggesting that psychosocial stressors such as discrimination are more closely linked with assessments of sleep quality such as restedness than sleep duration [12, 28] , as well as previous findings suggesting that sexual minority women, more so than sexual minority men, may be particularly vulnerable to worse sleep outcomes [6] [7] [8] .
Turning to the second hypothesis, women with same-sex partners who reported under sleeping were more likely to report lower levels of restedness than women with other-sex partners with the same sleep durations. Although more research is needed, the interaction between sexual minority status and sleep duration may reflect previous work suggesting that higher levels of stress are associated with poorer self-rated indicators of sleep quality such as restedness [12, 14] . In other words, following the minority stress framework, women with same-sex partners may feel less rested because they experience more daily stress. Although many factors may contribute to the differences in restedness between sexual minority and heterosexual women, depressive symptoms may be an important factor for future research. Women's greater vulnerability to depressive symptoms, compared with men, has been highlighted as one mechanism for explaining higher levels of sleep problems in women compared with men [46] . Sexual minority women are significantly more likely to report depressive symptoms when compared with their heterosexual peers [47, 48] . Future research is needed to better understand the role of depressive symptoms in vulnerability to poor sleep outcomes among sexual minority women. Finally, the finding that sexual minority women were more likely to rate their low levels of sleep as the less restful is particularly troubling as individuals who report both low sleep duration and low sleep quality, including restedness, may be vulnerable to the worst health outcomes, such as cardiovascular disease and overall psychosocial functioning [19] [20] [21] . Future research is needed to understand the role that sleep problems play in explaining the commonly identified health disparities between heterosexual and sexual minority women.
Finally, living in states with more popular support for samesex marriage was associated with better restedness among (1) women with same-sex partners, but not women with differentsex partners. These findings are in line with previous work linking contextual support for sexual minorities with more positive health outcomes among sexual minority populations [31, 35] . Conversely, same-sex marriage laws were only marginally associated with differences in restedness. Everyday social stressors (e.g. living in a community that holds negative attitudes towards same-sex marriage) that condition the individual's regular interpersonal exchanges, rather than the broader legislative context (e.g. marriage equality), may be more important for shaping this sleep outcome. Notably, partner sex did not significantly predict either sleep duration or restedness among men, and there was no variation according to sexual minority-related contextual factors. Previous research has identified gender differences in terms of how men and women evaluate restedness [37] . That sexual minority status was associated with restedness among women but not among men may reflect previous work suggesting that women's sleep is more negatively affected by stressors than men's sleep [49, 50] . The current findings may ultimately underscore how different health processes may contribute to health inequalities among sexual minority men compared with sexual minority women.
Strengths and limitations
This study expanded on the existing literature in several important ways. First, despite the importance of sleep for health, very few studies examine sleep health disparities between individuals with same-and different-sex partners. Second, by assessing sexual minority-related contextual factors as moderators, these findings push beyond identifying the existence of health disparities to exploring the factors that exacerbate vulnerability among sexual minority populations and identifying the locations where such disparities need the most intervention. These findings contribute to a growing body of literature showing that sexual minority-specific contextual variables are associated with sexual minority health processes and outcomes [31] . Third, very little nationally representative data look at sleep outcomes using time-diary data, which are more closely linked with objective assessments of sleep compared with other reports of sleep duration [51] . The inclusion of time diaries, along with a wide variety of pertinent control variables, provides an important opportunity to understand how same-sex partnership is associated with sleep health, using a nationally representative sample of respondents.
Despite these strengths, the results of this study need to be interpreted with several limitations in mind. One limitation was that sex of partner was used to assess sexual minority status. Although previous large-scale health studies have used sex of partner to assess sexual minority status [32] , we do not know the sexual identities of individuals in ATUS, nor can we extrapolate these findings to sexual minority individuals who are not in same-sex partnerships. Similarly, as individuals were only asked about binary sexes (i.e. if they were male or female), we were unable to assess how diversity in gender identity was associated with sleep duration or restedness, an important avenue for future research. Another limitation is that the percentage and number of individuals with same-sex partners was small, creating an issue of low statistical power that makes it more difficult to assess whether null findings were a result of no differences by sexual minority status or due to a small sample size. A third limitation was that although we assessed one continuous night of sleep, we excluded any participant who reported 4 hr or less sleep during that night (i.e. individuals who did not get at least 4 hr of sleep before 4:00 am) and may have failed to capture individuals who reported waking up, but then went back to sleep in the morning. Future research can clarify these findings by including both subjective and objective assessments of restedness and sleep duration over multiple nights.
Conclusions
The link between sleep and health outcomes underscores the importance of understanding if and how sleep health varies among individuals with same-and different-sex partners. (1) Sexual minority women, but not sexual minority men, may be particularly vulnerable to poorer restedness. This vulnerability is exacerbated by sexual minority-related contextual variables, suggesting the need for future work exploring the role of psychosocial stressors generally, and experiences of discrimination specifically, for understanding disparities in restedness between sexual minority and heterosexual women. Ultimately, these findings underscore why we need to better understand sexual minority-related disparities in health processes, as well as for health outcomes, for informing intervention and prevention efforts.
